• Different procedures have been developed in animals for producing thrombosis and cardiac infarct. Compared with local manipulations, e.g., coronary ligatures, 1 intravenous injection of such substances as thrombin 2 or venoms, 8 the dietary means seem to be the more promising. Thrombosis has been produced in the monkey on a high fat diet, 4 in the cholesterol-fed rabbit given calciferol or epinephrine/' and in the rat maintained on a synthetic diet supplemented with saturated fats, cholesterol, cholic acid, propylthiouracil, 0 ' 7 and vitamin D. 8 These procedures either throw no light on the pathogenesis of the disease because the factors introduced obviously play no role in the spontaneous disease, or else they are not conducive to an incidence of infarcts that is sufficiently high to permit significant interpretation of the experiments. The diets involving propylthiouracil have also the disadvantage of inducing profound cachexia. In addition, the role of each atherogenic agent (vitamin D, cholic acid, propylthiouracil) is difficult to appreciate when the compounds are given in combination, and their utilization is not fully justified since not all of these agents have been recognized as being constantly involved in the human disease. Propylthiouracil, for example, is much more active in increasing blood cholesterol than is thyroidectomy 9 ; in addition, the relationship of hypothyroidism to atherosclerosis requires further documentation. 10 At any rate, thyroid deficiency has not yet been proven to exist in the majority of the cases of human coronary disease. Received for publication March 13, 1962. However, a great deal of evidence indicates that there is an association between cardiovascular diseases and hypercholesterolemia 11 and a decrease in alpha-lipoproteins in man. 12 ' 1S It has also been shown that an elevated blood cholate occurs in practically all cases of hypercholesterolemia, u a finding that has been confirmed recently for essential hyperlipemia. 1 " Therefore, it was thought that, if thrombosis and cardiac infarct could be constantly and significantly produced in experimental animals fed a natural food to which only certain lipids and cholic acid were added, this would suggest that the pathogenesis of this artificially induced condition closely resembles that seen in man. For this purpose, we used rats fed Purina Laboratory Chow to which was added the two factors already mentioned. For comparison, propylthiouracil was also given in certain groups. A preliminary report on this work was published recently, 18 but it is the purpose of the present paper to give detailed pathological and biochemical findings.
Methods
Male rats of the "Quebec Breeding Farm" (Sprague-Dawley strain), with iui average initial body weight of about 130 Gm. (range 120 to 140 Gm.), were used in these experiments. The animals were subdivided into groups so tbat the mean body weight of each group was equal. In a first experiment, there were 10 rats in each of the five groups. Foiu' months later, this experiment was repeated, this time using 10 animals in the first three groups and 20 in the last two. The rats were housed five per cage; their incisors were cut twice a week to prevent the dead animals' being eaten by the survivors. For three consecutive days every week, all the rats were injected subcutaneously with 1 mg. per 100 Gm. body weight of Terrnmycin* to help overcome infection.
*In the form of Liquamycin, generously supplied by the Pfizer Company of Canada, through tlie courtesy of Mr. E. Desmarais.
Circulation Rosafirch, Volume XI, September 296S
E" r> ? Cardiac and hepatic lesions were arbitrarily graded in terms of a scale of 0 to 3. Because they were identical in the two experiments, the results were pooled and summarized together in table 1.
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Results
As indicated in table 2 by the body weight, growth was normal in group I and subnormal in group IV; group II became obese, but all three of these groups appeared healthy for almost the entire duration of the experiment. Addition of propylthiouracil to the diet (groups III and V) had the main disadvantage of inhibiting growth and keeping the animals weak throughout the experiment. This effect was particularly marked when cholic acid was combined with propylthiouracil.
Eats of groups IV and V periodically lost patches of hair over the nape of the neck, probably because of a deficiency in essential fatty acids or certain vitamins; most of them were, in the few days before death, frankly icteric.
The most striking result of these experiments was certainly the production of cardiac infarcts, the incidence being 85 per cent in group IV, which only received as treatment a diet that, in addition to Purina, contained cholesterol, butter, and cholic acid. Since in this group there was only 85 per cent mortality, it means that all these deaths occurred in animals with cardiac infarcts. Usually, the infarcts were characterized macroscopically by small yellowish patches, which in the most severe cases (lesions of grade 3) were disseminated all over the left and right ventricles ( fig. 2 ). In certain rare cases, a large patch involved a major portion of the left ventricle ( fig. 1 ) corresponding to the distribution territory of a coronary artery.
In addition to the heart, the spleen, liver, and lungs also showed gross changes. The spleen was always greatly enlarged and occasionally presented infarcts. The appearance of the liver was particularly striking: The volume was two or three times larger than
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FIGURES 1 THROUGH 4 (1) Heart of animai kept for seven months on diet IV (Purina + cholesterol + butter + cholic acid). Note the large infarct (ichite patch) in the left ventricle. (2) Usual aspect of the multiple disseminated infarcts in a rat kept for seven months on diet IV. (3) Histological picture of a small infarct corresponding to one of the patches seen in figure 2. In the upper right, a small artery is partially obliterated by a thrombus.
Note also the resorption of the muscular fibers and the infiltration by mononuclears. P-A..S., X 250. (4) A typical thrombus in an arteriole of the myocardium, partially covered witli endothelial cells groioing from its marginal attachment. Rat of group IV. P.A.S., X 450.
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RENATJD, ALLABD normal, the color was uniformly yellowish, the surface was slightly granular and the consistency much harder than usual. The lungs, although showing no important changes in color or consistency, presented infarcts frequently. With regard to the aorta, only a change in the color of the endothelium could be seen, it being frankly yellowish throughout. However, on binocular examination, none of the aortae presented any macroscopic changes of the endothelial surface that could be interpreted as being the earlier development of an atherornatous plaque.
Substitution of propylthiouracil for cholic acid (group III) considerably reduced the mortality rate. However, although the cause of mortality in this group could not be detected, deaths were not, apparently, due to cardiac infarct. At autopsy, the only change seen macroscopically concerned the color of the liver; the organ was pale, but its volume and consistency were near normal.
Combination of cholic acid and propylthiouracil produced, within two months (table 1, group V), 100 per cent mortality, cardiac infarcts being evident in only 35 per cent of the cases; when present, these lesions were of the large type already described for group IV ( fig. 1 ). In addition, renal infarcts were rarely encountered, and liver changes were grossly comparable to those reported for group IV.
HISTOPATHOLOOY Heart
Microscopically, hearts of group IV presented, at almost each level, multiple disseminated thrombi in the arterioles, capillai-ies, and sometimes in the veins. Adherent in part to the vessel wall and almost completely obliterating the lumen, these thrombi were often covered with endothelial cells, apparently growing from the margin of their attachment to the vessel wall ( fig. 4 ). By comparison, the large vessels were usually completely free of any obstruction, with the exception, however, of the rare large infarcts ( fig. 1 ) ; in these, thrombi could be found in large arteries.
The thrombi stained intensely pink with the periodic-acid-Schifl: (P.A.S.) technique, while phosphotungstic-acid-hematoxylin demonstrated only small amounts of fibrin in them Therefore, it seems that the tlirombi mainly consisted of blood platelets with some deposits of fibrin.
In group V, where thiouracil was combined with cholic acid in the diet, the throinbi, when present, were extremely large and were located in the ventricles or the aorta, in the vicinity of the semilunar valves.
The infarcts were located in the myocardium, the pericardium and endocardium being usually intact; they were composed of necrotie fibers, partially resorbed, and invaded by infln.Tn-mRt.nry cells, mostly of the mononuclear type ( fig. 3 ). At the periphery of the infarcted area, the muscular fibers were heavily infiltrated with lipids, as could be shown by staining with oil red 0 on frozen sections, while the necrotie fibers stained diffusely with the P.A.S. technique. Occasionally, calcification of the muscular cells could be detected by the Von Kossa method.
Coronary arteriosclerotic changes -were not prominent in this experiment. In each group, the animals still living at the end of the experiment presented certain medial changes previously reported in aging rats. 20 In group IV, however, the few animals that survived the diet for one year presented somewhat more pronounced medial changes than did other groups. However, these lesions could not be ascribed to atherosclerosis.
Aorta
In confirmation of the macroscopic findings, no atherornatous plaque could be found histologically in any of these animals. Nevertheless, an intense lipidic infiltration of the intima and the first layers of the media was found in groups III, IV, and V. This infiltration could be detected after a few weeks on the respective diets and tended to become more severe with time. However, even after one year, almost no tissular reaction was seen.
Lungs
Only those animals in group IV (butter, cholesterol, cholic acid) that died in the course
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of the experiment showed marked and consistent changes in the lungs. The lesions were characterized by the presence of occasional thrombi in small vessels ( fig. 5 ), but mostly, they consisted of macrophages with a foamy appearance in the alveolar wall, which was considerably thickened, and in arteries of small and large caliber ( fig. 6 ).
Livar
Only in group I, fed exclusively on Purina, Avere the livers normal. Addition of butter and cholesterol to this diet (group II) induced, within one year, a severe fatty infiltration of the liver cells, all of which were distended by globules of fat. However, fibrous proliferation was not present.
Addition of propylthiouracil to this diet (group III) did not increase the liver damage; on the contrary, fatty infiltration was much less severe in this group.
In group IV, where cholic acid was given instead of thiouracil, there was a proliferation of connective tissue bands scattered throughout the entire section of the liver, the distribution of which bore no relationship to the normal architecture of the organ; in addition, extensive lipidic infiltration was seen. These lesions could be identified as an early stage of Laennee's cirrhosis ( fig. 7) .
In group V, lesions were similar to those of group IV but were less severe. In summary, fibrosis was seen only in animals receiving eholic acid in their diet.
Kidney
Among the different groups, the animals of group IV that died in the course of the experiment presented the most severe renal changes. Apart from occasional thrombi in the small vessels (arteries and veins), these changes were characterized by the accumulation of brown pigment in the tubular epithelium, hydropic degeneration of the cytoplasm, with desquamation of numerous segments and accumulation of large spherical amorphous bodies in the tubular luinen ( fig. 8 ). These changes may be identifiable as cholemic nephrosis.
In groups II and III, the only conspicuous
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change was the accumulation of pigment in the tubular epithelium, while some animals of group V presented, in addition, lesions similar to those reported for group IV. Finally, only a few rats of group V developed renal infarct; Avhen present, this was due to a thrombus usually situated in an interlobular artery.
Splean
Marked changes were seen in group IV. They consisted in the dispersion of the white pulp (Malpighian body) in such a way that this structure was no longer nodular. In addition, large macrophages with a foamy appearance, similar to those found in the lung, were abundant in the iutersinusoidal reticulum and the sinusoids of the red pulp. In group V, these macrophages were also present, but the architecture of the spleen was more or less normal. In the remaining groups, this organ showed no apparent abnormality. Table 2 and figure 9 demonstrate that animals on Purina, either alone (group I) or supplemented by butter and cholesterol (group II), exhibited no significant change in their serum cholesterol or total lipids during the period of observation. Addition to the diet of either thiouracil (group III) or cholic acid (group IV) induced, in a few weeks, a progressive and prominent increase in serum cholesterol and total lipids. Although in group IV the serum cholesterol and lipids tended to be higher during the last weeks than in group III, the difference was not statistically significant. Combination of cholic acid and thiouracil (group V) produced, within two weeks, a dramatic elevation of serum cholesterol and lipids by some kind of synergism. Table 3 shows that, usually in the last blood sample taken before death, a sudden rise to very high levels was recorded in the individual serum cholesterol in group TV. This increase in cholesterol was also accompanied by a similar rise in total lipids. Although two rats (nos. 7 and 8) did not apparently follow this rule, it has to be considered that blood determinations were not necessarily carried out immediately prior to death, but at fixed intervals, so rapid changes in the blood could not necessarily be detected.
BIOCHEMISTRY Total Choloftorol and Total Lipidf
Since deaths occurred over a period of several weeks (sixteenth to thirty-second) in group IV, this sharp increase in blood cholesterol and lipids before death explains the large standard errors seen for these parameters following the sixteenth-week period.
Proteins and Lipoproteint
Our results on the proportion of the various protein components in the normal rat (table 4) confirmed the finding of other investi-gators. 21 Five peaks corresponding to albumin, alpha 1, alpha 2, beta, and gamma globulins were obtained ( fig. 10 ). Because the alpha 1 and alpha 2 peaks were, in general, poorly separated, they were considered as one peak and labeled alpha 1 + alpha 2 (table 4) .
A typical lipidogram of a normal rat (group I) is illustrated in figure 10 . A first peak was noted between the beta globulin and albumin components, corresponding to the alpha 1 and alpha 2 peaks. Another peak coincided with the albumin component and was labeled alpha. In no instance could a lipoprotein peak be seen in the beta globulin zone. Therefore, these results" are not in accordance with those of Watson. 22 This discrepancy might be due to the different strain of rat utilized or to technical dissimilarities. As a control of our electrophoretic procedure in the rat, sera of healthy human beings were used. These sera presented the usual protein and lipoprotein patterns ( fig. 10) ; the beta-lipoproteins were found in the betaglobulin zone aud the alpha-lipoproteins in the albumin-alpha 1 zone. Puclni-lottir»Cb«liitiiol»Ciollc acid (r»l it n WEEKS
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FIGURE 11
Influence of the diets on the serum percentage of alpha-lipoproteins.
Among the rats fed the various regimens described in this study, only those of groups IV (cholic acid) and V (not shown in the table) presented an electrophoretic pattern essentially different from the normal animals (group I), as is illustrated in figure 10 . In group IV, the alpha-lipoprotein components were low or completely absent, while the alpha 1 + alpha 2 peak was prominent. This change occurred after 12 weeks on the diet and became more and more apparent toward the end of the experiment. Figure 11 shows the mean percentage of alpha-lipoproteins in the various groups of rats in the course of the experiments. Even though statistical evaluation was not possible because only two determinations were made in each group, the percentage of alpha-lipoproteins demonstrated an evident difference between groups III and IV. While group III (with thiouracil) gave alpha-lipoprotein values more or less comparable to those of groups I and II, in group IV (with cholic acid) the values for this lipoprotein were constantly lower.
As a comparison for these biochemical findings in the rat, figure 10 shows the lipoprotein pattern of a 40-year-old male patient (no. 2), who suffered from a nephrotic syndrome and had developed a myocardial infarct four years ago. As in the rats of group IV, the alphalipoproteins were absent, while a conspicuous peak could be noted in the alpha 1 + alpha 2 zone. The serum cholesterol of this patient was 593 mg./lOO ml., and the total lipids were 2,749 mg./lOO ml.
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Discussion
Addition of thiouracil or cholic acid to a natural diet with a high content in certain lipids induced, in the rat, sustained hypercholesteroleinia and hyperlipemia of about the same amplitude. Nevertheless, only the group giveu cholic acid developed a high incidence of thrombosis (85 per cent within eight months) in the various organs. Also, only those animals that died with thrombi presented severe lesions in the lung, spleen, and kidney; these lesions, however, were not apparently due to the presence of thrombi. Nevertheless, we did not determine if these changes were concomitant to or the causation of the thrombotic phenomenon. In the serum, a decrease in the percentage of alpha-lipoproteins seemed to be of significance in the appearance of the thrombi. It is noteworthy that, in human coronary disease, the diminution in the percentage of alpha-lipoproteins in the serum is also significant. 12 ' 1S However, the disease produced here in the rat by a combination of a high-fat diet and cholic acid is certainly not a duplicate of the human coronary disease. In man, cardiac infarcts are not usually associated with intense hypercholesterolemia, hyperlipemia, and the presence of alpha-2-lipoproteins. These changes are rather characteristic of essential hyperlipemia or of certain uephrotic syndromes. However, essential hypeiiipemia is often accompanied by premature atherosclerotic complications, 28 ' 24 and in certain nephrotic syndromes,-1 " 1 ' 20 thrombi are found in the heart, lung, adrenal, and kidney. Finally, it seems that in essential hyperlipemia, 10 as in clinical nephrosis, 27 hypercholatemia occurs whenever hypercholesteremia is present.
From the histoLogical point of view, multiple thrombi in the arterioles of the heart and other organs was not the picture seen in the coronary disease in man. Since normally thrombosis is associated with pronounced atherosclerosis, it was hypothesized that, to induce thrombosis in the rat, it would not be necessary to produce such an extreme condition if the coronary arteries were intensely atherosclerotic. Under our experimental con-
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ditions, the vessels of the animals being roughly normal, thrombosis occurred where conditions were favorable for this phenomenon, that is to say, in the small vessels where the lumen was narrow and the circulation slow. In fact, the histological picture of these lesions bore more resemblance to thromboticthrombocytopenic-purpura than to coronary disease. The composition of the thrombus provided another similarity to the thromboticthxonibocytopenic-purpura-8 ' 2fl consisting as it did of platelets with few deposits of fibrin. However, here in the rat, necrosis of the myocardium appeared to be more important than in this human disease, and ecchymoses were not seen in the thrombotic animals. With regard to the blood cells, preliminary experiments suggested that, in the few days before death, there was marked anemia and thrombocytopenia (to be published elsewhere). The myocardial infarcts themselves, produced here, present the histological and histochemical picture of infarct in man or of that seen in experimental animals after coronary ligature. 30 ' 81 A surprising finding of these experiments was that, even if intense hypercholesteremia was sustained for a long time by two different experimental means, the development of atherosclerosis could not be considered significant, even after one year. These results confirmed those of other workers 82 who, although they performed their experiments under different conditions, reported that, in the rat, hypercholesterolemia induced by a hypothyroid agent caused a lipid infiltration of the arteries, but not a tissue response to the infiltrating lipid. In the present experiments, another hypercholesteremic agent, cholic acid, was comparable to thiouracil in this respect. However, the mechanism of action of cholic acid on blood cholesterol could be similar to that of thiouracil, since thiouracil acts on bile acid metabolism, 88 ' 84 but the fact that cholic acid, and not thiouracil, induced hepatic fibrosis and a marked decrease in serum alpha-lipoproteins seems to disprove this hypothesis.
Recently, it was reported that rats kept for one year on a synthetic diet, to which 40 per cent butter, 5 per cent cholesterol, and 2 per cent cholic acid were added, developed atherosclerosis but not thrombosis. 85 Apparently, only two factors were essentially different between these experiments and those reported here: the synthetic diet and the housing of animals one per cage. It is probable that the difference in the results was due to the diets. However, as regards tlie atherosclerosis, we did not consider the lipid infiltration of the vessels, per se, as positive evidence of earlj r atherosclerosis, since under our experimental conditions, this infiltration did not tend to be followed by true atheromatous lesions. Combination of cholic acid and thiouracil in our diet produced cardiac infarcts similar to those observed with synthetic diets." 17 However, in our experiments, thrombosis and cardiac infarcts were more constant, and renal infarcts were rare.
Summary
Addition of either propylthiouracil or cholic acid to a natural diet (Purina Laboratory Chow) enriched in certain lipids resulted in hypercholesteremia and hyperlipemia of about the same amplitude. However, only cholic acid could induce a high incidence of thrombosis and cardiac infarct and a regular decrease in the percentage of serum alphalipoproteins with an electrophoretic pattern similar to that found in essential hyperlipemia or in certain nephrotic syndromes associated with thrombosis. In the rat, the thrombi, located in the arterioles and the capillaries of the heart and other organs, presented a histological picture that resembled thromboticthrombocytopenic-purpura rather than coronary disease. This thrombotic phenomenon was preceded by an acute increase in serum cholesterol and total lipids and was accompanied by the production of a large quantity of niacrophages, with a foamy appearance, in the lung and the spleen. If propylthiouracil was added to this thrombogenic diet, the survival time of the animals was considerably shortened and the percentage of infarcts re-duced, but in this case, thrombosis was mainly located in the ventricles and the aorta. Under these experimental conditions, both of the hyperekolesterolemic agents being used, lipidic infiltration of the vessels was detected but no tissular reaction that could result in atheromatous plaques.
